Purpose To investigate agreement and reliability among clinicians when diagnosing low back-related leg pain (LBLP) in primary care consulters. Methods Thirty-six patients were assessed by one of six physiotherapists and diagnosed as having either leg pain due to nerve root involvement (sciatica) or referred leg pain. Assessments were video recorded. In part one, the physiotherapists each viewed videos of six patients they had not assessed. In part two, videos were viewed by another six health professionals. All clinicians made an independent differential diagnosis and rated their confidence with diagnosis (range 50-100 %). Results In part one agreement was 72 % with fair interrater reliability (K = 0.35, 95 % CI 0.07, 0.63). Results for part two were almost identical (K = 0.34, 95 % CI 0.02, 0.69). Agreement and reliability indices improved as diagnostic confidence increased. Conclusion Reliability was fair among clinicians from different backgrounds when diagnosing LBLP but improved substantially with high confidence in clinical diagnosis.
Introduction
Low back-related leg pain (LBLP) can be classified as either radicular pain due to nerve root involvement (NRI) or referred (non-specific) pain due to back pain spreading down the leg (from structures such as ligament, joint or disc but not involving a spinal nerve root). The clinical task of differentiating NRI from referred leg pain in LBLP patients is recognized as important in lines with clinical guidelines [1] , but can be difficult in clinical practice [2] [3] [4] .
Although the diagnosis of NRI is predominantly clinical, there is no accepted diagnostic ''gold standard''. Items from history [5] and physical examination [6] in patients with nerve root symptoms due to disc herniation have mostly shown poor individual diagnostic performance. Many of the studies have been carried out in secondary care and have often used magnetic resonance imaging (MRI) as the reference standard [6] . However, the usefulness of MRI as a reference test has been questioned. Positive MRI findings can be found in asymptomatic people [7] , patients with nerve root symptoms can have normal MRIs [8] and MRI findings fail to distinguish sciatica patients in terms of the symptom severity [9] . Literature suggests that in the absence of a well-accepted reference standard, expert clinical opinion may be considered an appropriate alternative for diagnosis, providing that it is reasonably reliable [10] .
Reliability of individual clinical tests to identify NRI has been documented as mainly poor [6] and agreement on self-reported features of NRI has generally not shown better than fair reliability [11, 12] . However, the reliability of the overall decision as to whether a clinical presentation in LBLP patients is NRI or referred pain has received less attention. One study that did investigate this showed considerable inter-rater variability among neurologists when asked to identify the presence of NRI based on history and physical examination in patients with LBLP [13] .
Despite the recognized importance of differentiating between NRI and referred spinal pain to inform clinical management [14] , there is a lack of studies examining the reliability of this diagnostic decision. The aim of this study was therefore to investigate the agreement and reliability among clinicians when diagnosing patients presenting in primary care with symptoms of LBLP. Agreement is the degree to which ratings are identical. Reliability is agreement beyond chance and reflects the ratio of variability between ratings of the same subjects to the total variability of all ratings in the sample [15] . Guidelines for Reporting Reliability and Agreement Studies (GRRAS) [15] were followed in this report.
Methods
There were two parts to this study. In part one, the raters were trained experienced musculoskeletal physiotherapists. They each carried out assessments on LBLP patients which were video recorded, then at a later date they watched video assessments of patients not examined by them. These physiotherapists are named Group A when assessing the patients and Group B when watching the patients' video assessments. In part two, a group of health care professionals (who had not participated in the assessments) from varied clinical backgrounds, watched the same patients assessments on video. The aim for part two was to gain a broader insight into current agreement on the clinical diagnosis of LBLP among health care professionals. These raters are named Group C.
Sample
Subjects were recruited as a sample of convenience from participants in an observational cohort study of primary care consulters with LBLP (the ATLAS study). Details of the ATLAS study protocol are reported elsewhere [16] . In brief, patients visiting their General Practitioner (GP) with LBLP were invited to attend a research clinic where they underwent a clinical assessment by a physiotherapist. The inclusion and exclusion criteria for the main cohort (ATLAS) are detailed in Table 1 and apply to the reliability study as well. Patients who agreed to take part in the reliability study consented to allow their clinical assessment to be video recorded. Ethical approval was granted by the South Birmingham Research Ethics Committee. Recruitment to the reliability study took place from August 2011 to July 2012.
For this two rater inter-rater agreement and reliability evaluation, at least 30 subjects were needed for analysis at 90 % power to detect a statistically significant kappa of 0.6 [from a null hypothesis value of 0 (a = 0.05)] with a 95 % confidence interval (CI) [17] .
Raters and training
The raters for part one were the six physiotherapists involved in the ATLAS research clinics. As part of the ATLAS study they attended training sessions related to the procedures of the study. Details of the training are reported elsewhere [16] . Raters for part two were six health professionals involved in managing LBLP patients. They did not participate in any prior training.
Assessment
The clinical assessment for LBLP was developed following consensus from a Delphi study involving representatives from low back pain disciplines [18] . The clinical history questions and physical examination items used were the same as those described in low back pain (LBP) guidelines and specialty books.
Part one
The physiotherapists (Group A) completed the clinical assessment which took approximately 30 min and was video recorded. At the end of the assessment they answered two written questions (Box 1) relating to diagnosis and diagnostic confidence. At a later date, each physiotherapist (Group B) watched videos of six patients they had not assessed. The order in which they viewed the videos was not predetermined and they answered the same questions (Box 1). They did not have access to the clinical notes made by the assessing physiotherapist and were blind to that assessor's diagnostic decision. The videos had been edited to remove any dialogue between the patient and therapist where assessment findings and diagnosis were discussed.
Part two
The health professionals involved in part two (Group C) each watched six videos and answered the same two questions (Box 1). The study flow chart is shown in Fig. 1 .
Data analysis
Results were summarized using percentage agreements and kappa coefficients with two sided 95 % CIs. Kappa coefficients were computed using SPSS version 20. Interpretation of the kappa coefficient was used whereby kappa 0-0.2 indicates slight agreement; 0.21-0.4 fair agreement; 0.41-0.6 moderate agreement; 0.61-0.8 substantial agreement and 0.81-1.0 almost perfect agreement [19] . The relationship between different levels of diagnostic confidence and agreement and reliability indices was also reported. Six external health professional watched six assessments each on video
Excluded n=4
Poor video quality n=2
Leg pain not low back-related n=2
Fig. 1 Reliability study flow chart

Results
The median age of the 36 participating patients was 51 years and 61 % were female. Over half (58 %) had pain below the knee. A summary of the descriptive characteristics of the 36 patients is presented in Table 2 . The six physiotherapists who performed the clinical assessments (Group A) and viewed the videos (Group B) were qualified on average 19.5 years (range 7-41 years) with an average of 15 years' experience (range 6-27 years) in predominately treating musculoskeletal conditions. The six health professionals who also viewed the videos (Group C) included two physiotherapists, a specialist registrar in rheumatology, a GP, a chiropractor and an osteopath. They were qualified on average for 20 years (range 14-26 years) and the allied health professionals had an average of 20.5 years' experience (range 15-26 years) in predominately treating musculoskeletal patients.
In part one, the physiotherapists diagnosed NRI in 25 of the 36 patients (Table 3 ) when assessing and watching the videos. Overall observed agreement was 72 % (expected agreement 58 %) with a kappa of 0.35 (95 % CI 0.02, 0.68) which is considered ''fair'' reliability [19] . In part two, between the physiotherapist who did the assessment and the health practitioners who watched the assessments on video, observed agreement was 71 % (expected agreement 57 %) with a kappa of 0.34 (95 % CI 0.02, 0.69) almost identical to results from part one (Table 4) .
Confidence in diagnosis
Agreement and reliability indices were calculated for levels of confidence in diagnosis (range 55-95 %). A clear and almost identical trend was seen in both part one and part two with agreement and the kappa coefficient increasing as confidence in diagnosis increased (Fig. 2 ). This trend of a Pain intensity measured using the mean of three 0-10 numerical rating scales for least and usual back pain over the previous 2 weeks and current back pain intensity (Dunn et al. [20] ) b Roland Morris Disability Questionnaire leg pain version with scores from 0 to 23 with higher scores indicating higher disability (Patrick et al. [21] ) increasing agreement and reliability indices was noticeably evident once confidence in diagnosis was greater than 70 %. In the eighteen cases where both raters were over 80 % confident in their diagnosis, kappa was 0.82, considered almost perfect agreement [19] . The physiotherapists performing the assessment had the same levels of confidence in their diagnosis as when they watched the assessments on video (85 % median percentage confidence). Diagnostic confidence of raters in group C was slightly lower at 80 %. Median confidence in diagnosis for all raters was higher in cases of agreement (90 %) compared to cases of disagreement (70 %). There were ten disagreement cases in both part one and part two. Nine of the ten disagreement cases were the same for both parts.
Discussion
In this study, we have shown that the reliability of diagnosing nerve root involvement in LBLP patients with symptoms of any duration and severity is fair among experienced clinicians. Percentage agreement for both parts of the study and reliability as measured by the kappa coefficient were 72 and 71 % and 0.35 and 0.34, respectively. The agreement percentage is reasonable but kappa values under 0.6 are considered below the minimum standards for reliability coefficients [15] . The range of diagnostic confidence in this study varied between 50 and 100 % and further analysis showed that when both raters' confidence in clinical diagnosis was higher (over 70 %, n = 30), levels of agreement and reliability improved substantially (as shown in Fig. 2) .
Numerous studies have reported on reliability of multi category classification systems for LBP. These systems are based on specific algorithms which possibly make it easier to agree on categories [12, 22] . This study reflects current clinical practice where an overall clinical impression is made based on the signs and symptoms. One other study looked specifically at the reliability of the overall clinical impression when assessing LBLP patients [13] . Reliability was substantial (kappa of 0.66) among pairs of neurologists who consecutively examined 91 patients with a new episode of sciatica ''of sufficient intensity to justify 14 days of bed rest''. However, comparing kappa values between studies is considered limited due to the differences in methods and sample characteristics [13, 23] . One explanation for the low kappa value seen in this reported study is that subjects were an unselected group, recruited from primary care with symptoms of varying degrees of severity and duration. The greater the proportion of patients with very clear symptoms or findings indicative of the condition of interest, the easier it is for different observers to agree [13] and conversely agreement on diagnosis may decrease with a greater proportion of ''difficult to decide on'' patients [24] . This was reflected in this study by the levels of confidence in diagnosis. Confidence was lower in cases of disagreement and higher levels of agreement and reliability were seen when diagnostic confidence increased.
The differing interpretations of clinical signs and symptoms among raters may also explain the kappa values. Despite consensus that a comprehensive clinical assessment is the cornerstones to a sound diagnostic process for LBLP [2, 25] inconsistencies are evident in studies when it comes to defining the specific criteria for diagnosing NRI [26] . Although diagnostic accuracy of individual items in clinical assessment of NRI is poor [5, 6] clinicians most likely give more weight to certain positive signs when making a confident diagnosis. To improve reliability of this study, fulfilling predefined criteria to make a NRI diagnosis as opposed to giving an overall clinical impression could have been specified. However, as highlighted above, as of yet, clear diagnostic criteria for confidently identifying NRI have not been agreed on.
Training of assessors and standardisation of procedures aim to minimize bias in reliability studies [15] . This study sought a balance between an appropriate level of standardisation and a setting that reflects current practice in primary care. Using multiple pairs of raters enhances generalizability and reduces the effect of rater bias. Although the physiotherapists were all experienced senior clinicians, very similar results were seen among clinicians from varied backgrounds. Regardless of training, standardisation or professional background, reliability was merely fair when diagnosing LBLP, indicating that differentiating between some of these patients is a diagnostic challenge for clinicians in primary care. Irrespective of level of standardisation of procedures used, it is probably difficult to standardise the interpretation of a test result [3] and this is probably where most of the variation in clinical diagnosis comes from. Not all patients are difficult to diagnose, but this study showed that cases that are difficult to diagnose, contribute to reducing reliability indices among clinicians. As yet we do not have universal agreement on criteria for differentiating between those patients who do and do not have NRI, or agreement on which combination of items from clinical assessment are more highly indicative of NRI. Diagnostic modelling in primary care LBLP populations, which assigns weights to various combinations of signs and symptoms has not been done at the point of writing, but could be a very helpful clinical diagnostic tool.
Strengths and limitations
Use of video lends strengths and limitations to the study design. It allows several raters to make independent diagnoses as opposed to burdening the patient with a repeated assessment and potentially aggravating their symptoms. Although video recording is considered an established method of recording GP consultations for research purposes [27] it has not been used in studies involving LBP patients that investigate the reliability of clinical diagnosis.
However, the use of video could lead to the Hawthorne effect i.e. that behaviour of patients or clinicians would alter due to being videoed, although a review of video recording in general practice found no conclusive evidence of the Hawthorne effect [27] . Physiotherapists performing the assessment had the same levels of confidence in their diagnosis as when they watched the assessments on video, possibly indicating that their performance and decision making were not influenced by being video recorded. The two groups of raters who watched the assessments on video did make very similar diagnostic decisions. In the case of diagnostic disagreement it is not possible to know whether the method of watching a video of a clinical examination negatively influences the ability to interpret the results of a test which contributes to diagnostic decisions. The researcher was present for all the viewings of the videos by raters in Group B and was rarely asked to clarify outcomes of tests. Raters in Group C watched the videos in their own home or work and did not contact the researcher to discuss any of the video assessments. The non-standardisation of the method of video watching makes it difficult to draw conclusions about its robustness as a test-retest method for diagnostic decision making.
The study sample represented patients from primary care seen in daily clinical practice. The number of patients recruited in this reliability study is similar to the majority of published reliability studies on LBP classification systems [12, 22] . However, the sample size calculation is based on specifying a zero value for kappa in the null hypothesis. The null hypothesis should ideally be set at a higher level, usually C0.4 which is considered more clinically acceptable [17] . However, to use this higher kappa cutoff as the sample size requirement, would require a sample size of 255 subjects [17] which was not practically feasible.
Conclusion
In this study, clinicians demonstrated different overall diagnostic impressions following assessments of LBLP patients which led to a fair reliability rating on their diagnostic decision. Some of this variability may have come from the methodology of using video recording but the diversity of signs and symptoms that these patients present with and the lack of clear guidelines as to what are the strongest criteria for differentiating between NRI and referred leg pain cannot be ignored. Ways of improving clinician agreement on diagnosis requires further exploration and one solution may be to assist the diagnosis process by identifying the optimal combination of items from the clinical assessment that best discriminate between these patients.
